Abstract
Background
The three naturally occurring radon isotopes 222 Rn, 220 Rn and 219 Rn are formed on the alpha decay of their radium parents , 104 keV) for 222 Rn, 220 Rn and 219 Rn respectively (IAEA 2013) . Radon half-life and solubility have allowed the use of radon gas as a natural groundwater tracer to identify and quantify groundwater discharge to surface water (Skeppstrom and Olofsson 2007; Schubert et al. 2011; Ortega et al. 2015) . The short-lived decay products of radon are responsible for most of the hazard by inhalation and ingestion. If radon and its daughters are ingested through water or inhaled in the air and decay inside the human lungs, the radiation has the potential to split water molecules and produce free radicals such OH. The free radicals are very reactive and may damage the DNA of the cells in the lungs, thus causing cancer (Edsfeldt 2001) . In addition, other organs, including the kidney and the bone marrow may receive certain amounts of doses if an individual drinks water in which radon was dissolved (Kendall and Smith 2002) . Although the risk is very low when radon is in the open, in places such as caves, mines, volcanic soils, aluminous shale's, granite Open Access *Correspondence: febdeprof@yahoo.co.uk; faweya.ebenezer@lmu.edu.ng 1 Radiation and Health Physics Division, Department of Physics, Faculty of Science, Ekiti State University, P.M.B 5363, Ado-Ekiti, Nigeria Full list of author information is available at the end of the article and rocky area such as Ikogosi, it can build up to dangerous concentrations. This may cause substantial health effect after long-term exposure (Crawford-Brown 1991; USEPA 1999; Yu and Kim 2004) . Radon is extracted from the volcanic deposits in which the aquifer resides (Hector et al. 2015) , its release taking place via emanation, transport and exhalation through the fissures network in the fracture system or from mantle degassing. Typical example of fissures through which radon could be released are Ikogosi warm and cold springs. The quantity of radon dissolved in groundwater discharge to surface water depends on different factors such as the characteristics of the aquifer, water-rock interaction (as seen in Ikogosi), water residence time within aquifer and material content of radium (Gundersen et al. 1992; Choubey and Ramola 1997; . Ninety-five percent (95%) of exposure to radon is from indoor air; about one (1%) is from drinking water sources (Kendall and Smith 2002) . Most of this 1% drinking water exposure is from inhalation of radon gas released from running water activities such as bathing, showering, cleaning and healing as the people of Ikogosi believed in the healing potentials of the two springs. In many countries, some home obtain drinking water from ground sources (springs, wells, adits and boreholes) (Greeman and Rose 1996; Marazio-tis 1996; De Martino et al. 1998) . Ikogosi warm and cold springs are not an exception in this aspect. The water was bottled for consumption by UAC and was named GOSSY WATER. Ikogosi Ekiti people still consume the spring water untreated because it is believed that the water has a lot of therapeutic properties to cure hypertension, guinea worm, hook worm, kidney stone, rheumatism, body rashes and pimples by either drinking it or bathing with it (Hairul et al. 2013) . Apart from bottled water, tourists do visit the place for various purposes such as swimming, bathing, health reasons, aesthetic appreciation and pleasure. Underground water often moves out in two places (hot and cold) through fissures in the rock. The water might be contaminated by radon because of its volatility. Many countries in the world have defined an action level of radon concentration to guide their program to control domestic exposure to radon but this is not readily available in Nigeria. Among the vast different contaminants affecting water resources, heavy metals receive particular concern considering their strong toxicities even at low concentrations due to their cumulative effects (Momodu and Anyakora 2010) . The temperature of the springs at the meeting point was attributed to the circulation of the normal groundwater to a depth of one to several thousand feet (Rogers et al. 1969) . The circulation of groundwater has a potential filtering effect and possibility of water pollution through weathering of basement rocks. Chemical species such as CO 3 2− , Ca, Mg, Na, K, Fe which have some sanitary health effects as well as toxins such as Pb, Cd, SO 4 2− could easily be introduced into the water through leaching (Oladipo et al. 2005) . Toxic elements could be transferred to human through ground elements, surface water (Rasheed 2010) and sediment obtained from bottom of rivers, streams and springs (Faweya and Farai 2006; Faweya 2007; Faweya et al. 2013) . Heavy metals are discharged into the river from numerous sources. They may be transported as either dissolved species in water or as an integral part of sediments (Shuanxi 2014) . Sediments have been integral part of river basin with the variation of habitats and environments (Morillo et al. 2004 ). Sediments are not only the integral part of river basin but carrier of contaminants and potential secondary source of contaminants in aquatic systems (Calmano et al. 1990) . Sediments have been widely reported as environmental indicator for the assessment of metal pollution in natural water (Islam et al. 2015) . Liao et al. reported poor quality of water along rivers Kaoping and Tungkang in many points due to sediments that act as both sinks and sources of heavy metals (Liao et al. 2006) . Therefore, analysis of sediment is a useful method to assess regional environmental pollution (Lai et al. 2010) . Consumption of water contaminated by heavy metals from sediments may results in spread of diseases and health challenges such as reduced mental and central nervous function, lower energy levels, damage to blood through accumulation of lead in the blood stream by ingestion of contaminated aquatic species, lungs, kidneys and other vital organs (Jarup 2003; Tukura et al. 2014) . Ikogosi warm and cold springs being natural water are located in Ekiti West Local government of Ekiti State of Nigeria in a valley from surrounding hills. Both warm and cold springs in the area play important roles guaranteeing water supply for domestic, agricultural, tourists attraction and bottled GOSSY water for urban needs by UAC Nigeria. The interest of this study lies in the fact that (a) during the last two decades there has been increase in consumption of treated waters in Nigeria, (b) commercially bottled and sachet water has partially substituted the consumption of tap water from municipal supplies, (c) residents ingest untreated water from the springs (d) Ikogosi warm and cold springs are one of the most visited tourists centre in Nigeria. Therefore, the presents study was carried out to provide information on (i) level of radon 222 Rn concentration in both treated (bottled) and untreated (source) water consumed in urban and local areas (ii) radiological dose that could be accrued to infants, children and adults due to consumption of water (iii) health risks that could be accrued to the populace due to the presence of heavy metals and other contents. The results obtained would be compared with recommended values by UNSCEAR, WHO and USEPA drinking standards. Faweya et al. Environ Syst Res (2018) 7:22 
Location of study area
The two springs sprout out and flow with a constant temperature and volume up to 150 L s −1 from morning till night, at all seasons, all-year round (Kukoyi et al. 2013 ). The warm spring has a temperature of 70 °C at source and 36-37 °C after meeting the cold spring (Kukoyi et al. 2013; Oladipo et al. 2005) . Ikogosi is a town in Ekiti West Local Government Area of Ekiti State. The warm spring lies on longitude 5°0′0″ East and latitude 7°40′0″ North ( Fig. 1 Schematic map of the study area). This was done using Arc Gis 10. The topographical elevation varies from less than 473 m in the valleys to 549 m on the hills (Ojo et al. 2011 ).
Materials and methods

Sampling procedure
Twenty water samples were collected in various points along the springs and five samples of GOSSY Fig. 1 Schematic map of the study area bottled water. Ten water samples were collected along each spring. At each point, 250 mL vials designed for radon-in-water activity measurement were filled to the edge with the sampled water and then closed immediately (Stringer and Burnett 2004) . Conscious effort was made to prevent bubbling of water, in order not allow escape of dissolved radon by degassing during collection and transportation to the laboratory (Oni et al. 2014 (Oni et al. , 2016 . Samples were taken to the laboratory immediately. Radon levels were determined within 3-6 h after sample collection in order to minimize the effect of radioactive decay (Hector et al. 2015) . This project was carried out between January and August 2017. Sediment samples were collected at the bottom of the point where water samples were taken in order to have a better representation. Samples were collected with plastic-made tools to avoid metallic contamination. This was done in triplicate at each sampling point. Samples were kept in polythene bags that are free from heavy metal and organic impurities (Faweya et al. 2013; Pravin et al. 2014 ). In the laboratory triplicate samples from each point were thoroughly mixed to give gross samples. The sediment samples were air-dried and sieved using mesh 0.5 mm for uniform particle size. The samples were also oven-dried at a temperature of 105 °C (Alan et al. 1997 ) until constant weights were obtained.
Laboratory measurements
Analysis of radon
Radon concentration in water samples was measured using an advanced radon-in-air RAD-7 radon analyzer (Durridge Co., USA) that uses alpha spectrometry technique (El-Taher 2012; Oni et al. 2014) . The RAD7 radon detector was calibrated at the Durridge radon calibration facility at Billerica Massachusetts, United States. The calibration system was compared to a precision of better than 1%, with a secondary standard chamber, which was in turn calibrated by comparison with a National Institute of Standards and Technology (NIST) radon standard supplied through the U.S. Environmental Protection Agency. The calibration system's accuracy was also check by making a direct measurement of radon level from activity and emission of a European standard radon source. The calibration achieves a reproducibility of better than ± 2% and an overall calibration accuracy of better than ± 5%. The Rad-7 used was maintained at between 6 and 10% relative humidity for its efficiency not to decrease due to neutralization of 218 Po ions by water particle (Ravikumar and Somashekar 2014) . In the setup, 250-mL sample bottle was connected to RAD-7 detector via bubbling kit which enables it to degas radon from a water sample in into the air in a closed loop (Oni et al. 2014) . To achieve this, the equipment was set to wat-250 for 5 min. The equipment was allowed to rest for 5 min and then count each sample for 30 min in five cycles. Radon concentration was determined by RAD7 taking into consideration the calibration of RAD7, volume of the closed air loop of the set up and the size of the vial used. The counting time was shorter than 3.8 days the half-life of radon. This made RAD-7 better than other detectors for 222 Rn measurement in water. Five runs were done for each sample. At the end of the runs (after the start), the RAD-7 prints out automatically the summary, showing the average radon reading for the five cycles counted. The readings and typical alpha energy spectrum obtained from the capture software were shown in Figs. 5 and 6 of the Additional file 1. The samples were counted immediately after collection without any delay, therefore radon decay correction was not calculated (Ravikumar and Somashekar 2014; Hector et al. 2015) .
Physico-chemical parameters study
The sediment samples were analyzed for pH, electrical conductivity, organic matter content, nitrogen and the heavy metal contents. The pH of the samples was determined using Jenway 3510 pH meter. The sediment samples were mixed in a ratio of 1:1 with distilled water in a beaker before inserting the probes. Readings were taken after the instrument had stabilized. Conductivity was taken by dipping the conductivity probe into a mixture 1:1 of the sediment samples using Jenway 4520 conductivity meter. Organic matter (OM) was determined by wet combustion method (APHA 1995). One (1) g of each sample was weighed into a Pyrex beaker and 20 mL of con HNO 3 was added to it. This was allowed to soak for 30 min and then transferred to a hot plate and heated at 400 °C until frothing stops and HNO 3 was almost evaporated. Five (5) mL of conc HClO 4 was added and watch glass placed of the beaker until sample became light strain in colour. The beaker was removed and allowed to cool, then the watch glass rinsed into the beaker with distilled water and the digest filtered into a 100 ml volumetric flask. Heavy metal contents were determined by analyzing the prepared sediment filtrate using Atomic Absorption Spectrophotometer (BUCK 210 VGP). Others physical and chemical properties were determined using the standard techniques and methods (Hem 1985 ; APHA, AWWA, WEF 1998).
Evaluation of doses in water and physico-chemical properties in the sediment
Evaluation of mean annual effective dose
Radon transports by water via ingestion and inhalation to the public is a very serious threat compared to other pollutants in water (Oni et al. 2016 ) because of dose accrued to the populace. Therefore, dose due to radon can be divided into two parts: ingestion (through consumption of water) and inhalation (when radon is released from water to indoor air) (Manzoor et al. 2008; Ravikumar and Somashekar 2014) . The mean annual effective dose rate for ingestion and inhalation were calculated according to parameters introduced by UNSCEAR (2000) and were calculated as:
From Eq. 1, EWI ing is the effective dose from ingestion (μ Sv year ) by infants, children and adults respectively and EDC is the effective dose coefficient for ingestion (3.5 n Sv Bq
−1
). From Eq. 2, EWI inh is the effective dose of inhalation, R is the ratio of radon in air to radon in spring water (10
, F is the equilibrium factor between radon and its decay products (0.4), T is the average indoor occupancy time per person (7000 h year −1 ), and Ð is the dose conversion factor for radon exposure 9 n Sv h −1 Bq m −3 −1 . The contribution of the dose to the lungs and stomach is calculated by multiplying the inhalation and ingestion dose by a tissue weighting factor for lung (0.12) and stomach (0.12) (ICRP 2012).
Evaluation of physico-chemical properties Heavy metals
The occurrence of heavy metals in soil and sediment could due to natural sources such as dissolution of naturally occurring minerals containing trace elements in the soil and sediments in the area (Faweya and Farai 2006; Faweya 2007; Faweya and Babalola 2010; Faweya et al. 2013) . The heavy metals most frequently encountered in soil and sediment are Arsenic, Cadmium, Copper, Chromium, Zinc, Nickel, Iron, Cobalt and Manganese (Kumar et al. 2017a; Zhang et al. 2011; Song et al. 2015) . Drinking water containing high levels of these harmful metals in bottom sediment and using the sediment for other purposes may be hazardous to health.
Enrichment factor (EF) and geo-accumulation index (I geo ) analysis
The sediments quality and metal contamination in the cold and warm springs were assessed using enrichment factor and geo-accumulation index. Variation in metal concentrations can be identified through EF by using geochemical normalization of the heavy metals data to conservative
(1) EWI ing µ Sv year −1 = CR n W · CW · EDC elements such as Al, Si or Fe (Zhang et al. 2009; Ghrefat et al. 2011) . In the present study the EF was determined based on Fe which was used as a conservative tracer to evaluate the anthropogenic impact in order to differentiate natural from anthropogenic components.
Mathematically for Ni respectively (Turekian and wedepohl 1961; Faweya et al. 2013 ). Degrees of enrichment are defined as; 1 ≤ EF < 3, minor enrichment; 3 ≤ EF < 5, moderate enrichment; 5 ≤ EF < 10, moderately severe enrichment; 10 ≤ EF < 25, severe enrichment 25 ≤ EF < 50, very severe enrichment; and EF > 50 extremely severe enrichment. Another criterion commonly used to evaluate the heavy metal pollution in sediment is the geo-accumulation index. The index of geo-accumulation gives the assessment of contamination by comparing the current and pre-industrial concentrations (Muller 1969) . The equation used for the calculation of I geo is expressed as follow:
where C n is the measured concentration for the metal in the sediments and B n is background value of the metal, and the factor 1.5 is used because of possible variations of the background data due to lithological variations. The geo-accumulation index has seven grades. The grades are as follows: I geo ≤ 0, uncontaminated; 0 < I geo ≤ 1, uncontaminated/moderately contaminated; 2 < I geo ≤ 3, moderately/strongly contaminated; 3 < I geo ≤ 4, strongly contaminated 4 < I geo ≤ 5 strongly/extremely contaminated 5 ≤ I geo , extremely contaminated.
Contamination factor, degree of contamination and pollution load index
Contamination factor C i f is the ratio of toxicity of a heavy metal in the environment. It was calculated using the equation proposed by Hakanson (1980) ;
where C i is the mean concentration of metal i in the sediments and C i n is the background concentration of metal i. The following criteria are used to describe the values of the contamination factor; C i f < 1 low contamination factor 1 ≤ C i f < 3, moderate contamination factor; 3 ≤ C i f < 6, considerable contamination factor; and C i f ≥ 6, very high contamination factor (Turekian and Wedepohl 1961; Hakanson 1980) .
The pollution load index is a simple way of measuring the degree of metal pollution in a studied medium (Tomlinson et al. 1980) . It is expressed as where n is the number of metals and C i f is the contamination factor. The pollution load Index can be classified as (PLI < 1), no pollution; (1 < PLI < 2), moderate pollution; (2 < PLI < 3), heavy pollution and (3 < PLI), extremely heavy pollution (Banerjee and Gupta 2012) .
Quantification of contamination and quality of sediment
The index Q o C as proposed by Asaah (Asaah et al. 2006) majorly defines the quantification of anthropogenic concentration of metal using the concentration in the background metal to represent the lithogenic material. It was calculated in the sediment samples using the following relation.
Where C X is the average concentration of metal and C n is the average concentration of the metal in the background (Asaah et al. 2006) , the value in percentage will determine if the impact is geogenic (negative values) or anthropogenic (positive values).
Since Nigeria has not established sediment quality guidelines at this time, the sediment quality criteria as used by (Zarei et al. 2014; Stephen et al. 2004; Orkun et al. 2011; Cevik et al. 2009 ) was used to classify sediment samples with regard to their potential toxicity.
In this study, sediment from cold and warm springs are compared with guidelines and global baseline values such as threshold effect level (TELs), effect range low values (ERLs), probable effect levels (PELs), effect range median values (ERMs), mean earth crust (MECs), mean world sediments (MWSs) and mean continental shale (MCSs).
Results and discussion
Radon concentration
The mean activity concentration of radon in bottled, cold and warm water samples as seen in the ninth and fourth
columns of Tables 1 and 2 and ranged from 0.07 to 0.36 with an overall mean value 0.20 Bq L −1
, 35-210 with an overall mean value 75.9 Bq L −1 and 11.7-140. 0 with an overall mean value 79.4 Bq L −1 for bottled, cold and warm water samples respectively. The radon concentration was higher than 100 Bq L −1 recommended by WHO in C 5 , C 6 , W 3 , W 4 , W 5 and W 10 . The higher values found in cold and warm spring were due to uranium content of the bed rocks which easily interact with water by the effect of lithostatic pressure (Toscani et al. 2001) .
Among the samples, six samples (24%) showed radon concentration exceeding the maximum contamination level for radon in water for human consumption as suggested by EU (2001) Table 1 shows annual effective dose rate to different age classification as recommended by ICRP using their average annual consumption rate. ICRP age classification of 0-1 years, 1-2 years, 2-7 years, 7-12 years, 12-17 years and 17 year-above in bottled water have annual effective dose rate which is 0.1% of the 1 mSv year −1 recommended by UNSCEAR and WHO for public. The calculated values were well below the reference level and hence bottled water does not pose any health problems from radon dose received from drinking bottled water. It suffices to say that radon with half-life 3.8 days must have decayed during the processing, bottling and storage of bottled water.
Annual effective dose rate
Annual effective dose rate values ranged from 0.04 to 0.20 mSv year −1 with a mean value 0.08 mSv year −1 and 0.02-0.14 with a mean 0.07 mSv year −1 for age classification 1. For age classification 2, its values varied from 0.05 to 0.27 mSv year −1 with an average value of 0.09 mSv year −1 and 0.02-0.182 mSv year −1 with average value 0.10 mSv year −1 . The corresponding annual effective dose rate for age classification 3 ranged from 0.053 Table 1 Mean radon activity in bottled water, cold and warm spring and annual effective dose rate ; 0.043-0.511 mSv year −1 with average value 0.290 mSv year −1 for age classification 6 for both cold and warm water samples respectively. The mean values were far below 1 mSv year −1 recommended by UNSCEAR and WHO for member of public.
The present study revealed that the annual effective dose rate values increased with respect to radon activity, age and water consumption rates. The annual effective dose rate received by ICRP age classifications of 1 < 2 < 3 < 4 < 5 < 6. All the samples have annual effective dose rate values that were significantly lower than 1 mSv year −1 recommended by UNSCEAR and WHO for member of public.
Inhalation and ingestion dose and effect on stomach and lungs
The annual effective dose rate values received by stomach in columns 5, 6 and 7 due to ingestion from bottled water varied from 0.03 to 0.13 µSv year . For cold water samples, the values received by stomach in columns 5, 6 and 7 of ; 0.88 to 5.30 µSv year −1 with mean 2.00 µSv year −1 for cold and warm spring respectively. The results show that dose contribution to lungs was higher than dose contributed to the stomach. The results agreed with that of radon found in drinking water in India, that indicate dose contribution to lungs higher than dose contribution to stomach (Kumar et al. 2017b ). The calculated effective dose (whole body) due to radon inhalation and ingestion for infant, children and adult ranged from 0.024 to 0.13 µSv year ; 0.022 to 0.12 µSv year −1 with a mean value 0.07 µSv year , for infant, children and adult in cold and warm spring respectively. The results for risk estimates indicate that inhalation of radon accounts for 88.89% of the individual risk associated with the use of bottled, cold and warm water, while the remaining 11.11% resulting from the ingestion of radon gas. The results agreed with 89% inhalation and 11% ingestion revealed by USEPA (1999). The calculated total effective dose values were below 100 µSv year −1 which is safe limit recommended by WHO (2004) therefore, no radiological health problems is envisaged.
Physico-chemical evaluation
The concentration of metals in the cold and warm springs sediments, global baseline values and SQGs of the studied metals are presented in Tables 3 and 4 . The variations in concentration values are depicted in Fig. 2a-d (Fig. 2a bar chart of readings and spectrum for Ni, Cd, Cu and Pb in selected points in cold spring Fig. 2b bar chart of readings and spectrum for Fe in selected points in cold spring Fig. 2c bar chart of readings and spectrum for Ni, Cd, Cu and Pb in selected points in warm spring Fig. 2c bar chart of readings and spectrum for Ni, Cd, Cu and Pb in selected points in warm spring Fig. 2d bar chart of readings and spectrum for Fe in selected points in warm spring) (Additional file 1). The results in Table 3 and Fig. 2b, d showed that Fe had the highest concentration in the sediments. The average concentration of Pb ranged from 2.9 mg kg −1 dw (W 4 ) to 11.80 mg kg −1 dw (C 6 ) respectively. A comparison of Pb highest concentration in sediments with the corresponding values of this metal in ERL, ERM, TEL, MEC, PEL, MWS and MCS showed that the levels of Pb were lower (3.9 8 times) than ERL, ERM (18.64 times) TEL (2.56 times), PEL (9.49 times), MEC(1.19 times), MWS (1.61 times) and MCS (1.69 times). The highest and lowest mean concentrations of Cu in sediments were found to be 3.80 and 12.80 mg kg −1 dw, respectively; The average concentrations of Fe in sediments in ranged from 945 (C 5 ) to 2010 mg kg −1 dw (W 3 ). The lowest and highest concentrations of Fe in the sediments were below the MCS. The highest and lowest concentrations of Cd in the sediment were 0.6 and 1.7 mg kg −1 dw. The comparison of Cd highest concentration with the studied standard values showed that the levels of Cd were lower than (2.47 times) PEL, (5.67 times) MCS, (5.64 times) ERM, (1.42 times) ERL, (2.43 times) TEL. In the studied sediments the highest mean concentration of Ni 2.60 mg kg −1 dw was lower than ERL (88%), ERM (95%) and MCS (96%) respectively. The differences in the level of metals in the sediments of cold and warm springs of Ikogosi may be due to parameters such as pH, organic matter and environmental factors which control the solubility and availability of metals (Ebrahimpour and Mushrifah 2008) . The resulting EF values in Table 4 showed that Pb, Cu and Cd are enriched in the sediment samples while there is no Ni enrichment in both cold and warm springs respectively. The EF values for Cd are the highest among the metals and it has a very severe to severe enrichment. This is similar to research carried out by Ghrefat et al. (2011) in the sediments of Kafrain Dam, Jordan. The EF values also indicate that Pb has a moderate enrichment to severe enrichment, Cu has minor enrichment to moderately severe enrichment, and Ni has no enrichment. The enrichment of metals in the sediments of the springs has been observed to be relatively high in the sediments. The fluctuations in EF values of different metals in the cold and warm springs may be due to the differences in the magnitude of input for each metal in sediment and or the removal rate of each metal from the sediment as reported by Ghrefat et al. (2011) . The EF values of Pb, Cu and Cd that are greater than one suggest that the sources are more likely to be anthropogenic. The EF values in this study were compared with those available from other regions. The values obtained fell within results of Kafrain Dam; 10, 70, 37410, 140 and 100 (Ghrefat et al. 2011), Wadi Al-Arab Dam 9, 60, 11270 ND, ND (Ghrefat and Yusuf 2006), Seyhan Dam; 21, 198, 393500 ND, ND (Cevik et al. 2009 ). Ataturk Dam ND, 18.6, 15925, ND, 91 .7 mg kg −1 (Karadede and Unlu 2000) for Cd, Cu, Fe, Pb and Ni respectively.
The EF values show that as the values of metals vary the classification of contamination levels vary. The classification of contamination level base on I geo does not always vary as the content of metals vary (Ghrefat et al. 2011) . Therefore, the calculations of I geo are more reliable than those of EF for assessing metal pollution as seen in Table 3 . The geoaccumulation index results in the Table 3 show that sediments are uncontaminated to Hakanson (1980) and pollution load index (PLI) (Tomlinson et al. 1980 ) for the studied metals are shown in Table 4 . The values of C i f revealed low contamination levels for Pb (0.15-0.56), Cu (0.08-0.31), Fe (0.02-0.04), Ni (0.01-0.04) and indicate from moderate contamination levels to considerable contamination levels for Cd. The values of PLI indicated no pollution in all the studied samples at each sampling point and varied from 0.12 to 0.23. The analysis of Q o C is normally used to describe the geogenic and anthropogenic sources of metal contamination in sediments samples (Zarei et al. 2014) . Table 4 showed that the concentration of Pb, Cu, Fe, and Ni were mainly from geogenic sources because of the negative values while the values of Cd showed to have anthropogenic sources of contamination in all the study points. Q o C for Cd values showed 50.00-82.35% magnitude for anthropogenic impacts that could be from tourist activities). From the result obtained, the pH lies between 6.15 and 6.95, 95% of the values obtained could be rounded up to 7, which indicates the neutrality of the sediments and pure water is neutral with a pH 7. The neutrality in sediments of both springs was attributed to factors such as CO 2 removal by photosynthesis through bicarbonate degradation and dilution of water with fresh water influx from both springs. Nitrogen in the sediments samples varied from 0.03 to 0.05%. All the values obtained are almost the same; which can be attributed to the oxidation of organic matter that settled in the bottom sediment from the top layer. Positive correlation (R 2 = 0.99) obtained between organic matter (OM) and (N) % revealed the contribution of organic matter. OM content varied from 0.16 to 0.25%. The peak value 0.25% was obtained at point W 3 . The calculated values of organic matter could be attributed to dead planktonic matter which settles at the bottom, oxidized and decomposed as reported by Martin et al. (2010) . The results revealed conductivity values between 54.0 and 94.6, this is an indication that the two spring's sediments have conductivity not exceeding 150-500 µS cm −1 ideally for freshwater as reported by Sharon and Montpelier (1997) .
Statistical analysis
Pearson's correlation coefficients for Pb, Cu, Fe, Cd, Ni and pH values in the sediments samples of both springs are shown in Table 5 . The matrix showed the strength of the linear correlation. The linear correlation coefficients showed that there is positive correlation between Pb and Ni (r = 0.66, P < 0.05), Fe and Ni (r = 0.76, P < 0.05), Cd and Ni (r = 0.66, P < 0.05) in cold spring. The positive correlation revealed the possibility of the same source of pollutants (Khuzestani and Souri 2013) . Positive correlation (r = 0.57, P < 0.05) was obtained between Cd and Ni in the warm spring, while negative correlation (r = − 0.81, P < 0.01) was obtained between Cu and (Hamzeh et al. 2011) . Both radon and heavy-metals are pollutants, Fig. 3a-e (Fig. 3a Pb vs Rn Fig. 3b Cu vs Rn Fig. 3c Fe vs Rn Fig. 3d Cd vs Rn Fig. 3e Ni vs Rn) and Fig. 4a-e (Fig. 4a Pb vs Rn Fig. 4b Cu vs Rn Fig. 4c Fe vs Rn Fig. 4d Cd vs Rn Fig. 4e Cu vs Rn) revealed the relationship between radon concentration and heavymetals. The results indicated moderate positive correlation between Fe and Rn (Cold), Cd, Rn (cold), Cd and Rn (warm) and Ni and Rn (warm). Radon has poor negative correlations with all other elements which indicate different geochemical behaviour.
Conclusions
The results of the average radon concentration in bottled, cold and warm spring's water samples in Ikogosi area were within the reference range recommended by the USEPA and UNSCEAR. The water in the studied area is safe for the members of the public irrespective of age brackets. The variation in the radon concentration may be due to geological structure of the area. The effective dose due to inhalation and ingestion was found to be within the safe limit (100 µSv year ) recommended by WHO and EU. Dose due to inhalation of radon is higher as compared to ingestion. The mean concentration of metals increased according to this sequence Ni < Cd < Cu < Pb < Fe. The result obtained by the sediment quality guidelines classification revealed that most 
